Abstract: Phlebotomine sandflies (Diptera: Psychodidae) constitute a large group of flies, many of which have been described as vectors of leishmaniasis, a disease caused by Leishmania (Kinetoplastida: Trypanosomatidae) parasites. In Tunisia, a total of 17 species belonging to both genera Phlebotomus and Sergentomyia were described. In this work we report on an abnormality found in spermathecae of a female specimen of Phlebotomus (Larroussius) longicuspis Nitzulescu, 1930. Sandflies were collected in SidiSaad locality, in the governorate of Kairouan, central Tunisia, where zoonotic cutaneous leishmaniasis is endemic, during the June to November 2011 period, using CDC light traps. Males were washed and directly identified and females were dissected and morphologically identified using the head and the last two abdominal segments containing spermathecae and ducts. 162 flies were morphologically described. Among 33 females identified as Phlebotomus (Larroussius) longicuspis, one specimen was found abnormal and presented with three spermathecae. An additional spermathecae located in a short bifurcation on the upper extremity of one duct was found. This anomaly is for the first time described in Tunisia. Morphological abnormalities are important to report in order to avoid erroneous sandfly identification or description of new species.
Introduction


Phlebotomine sand flies (Diptera: Psychodidae: Phlebotominae) play a significant role in infectious human and animal pathologies. They constitute a large group of flies with about 900 described species which are widely distributed in tropical and temperate areas. Many sand flies are proven vectors of human disease agents including parasitic protozoa (Leishmania (L.) spp.) [1] [2] [3] , bacteria (Bartonella spp.) [4, 5] and viruses (mainly Phlebovirus, Vesiculovirus and Orbivirus) [6] . In particular, 98 sand fly species are proven or suspected vectors of human leishmaniases; these include 42 Phlebotomus species in the Old World and 56 Lutzomyia species in the New World (all: Diptera: Psychodidae) [7] . In the Old World, among the 42 Phlebotomus species, 20 are implicated in the transmission of L. infantum, 6 in L. donovani, 7 in L. major, 7 in L. tropica and 3 in the transmission of L. aethiopica [7] . Each species appears to be involved in the transmission of one Leishmania species only, except Phlebotomus sergenti and Phlebotomus alexandri which were incriminated in the transmission of both L. tropica and L. aethiopica and of L. donovani and L. infantum, respectively [7] . However, the 56 Lutzomyia species recorded in the New World are involved in the transmission of 15 Leishmania species and some of them are probably able to transmit more than one Leishmania species, like Lutzomyia migonei that has been found to be infected with four different parasite species [7] .
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In Tunisia, a total of 17 phlebotomine sand fly species belonging to both genera Phlebotomus (P.) and Sergentomyia (S.) were described. [9] were the first to propose P. (L.) longicuspis as a potential vector of visceral leishmaniasis. Later, this species was epidemiologically identified as the vector of L. infantum in arid bioclimatic zones where it is particularly abundant [10, 11] . Recently, P. (L.) longicuspis was demonstrated to be naturally infected with L. infantum, in Algeria [12] and with Leishmania spp. in Tunisia [13] .
Phlebotomine species morphological identification is based for males, on the genitalia, while it is based mainly on specific characteristics of the spermathecae and ducts, for female specimens [3, 14] , females of these two species, considered to be indistinguishable, were identified only by cohabitation (presence of corresponding male in the same place of capture). However, this criterion is not valid for sympatric populations. Currently, these females are distinguished according to the form and position of the dilatation on the spermathecae duct [15] .
In this work we report on a rare abnormality found in the spermathecae number of a female specimen of the species Phlebotomus (Larroussius) longicuspis.
Materials and Methods
Study Site and Sample Collection
In order to estimate the infection rate of phlebotomine sand fly vectors with Leishmania parasites in a focus of zoonotic cutaneous leishmaniasis (ZCL), sand flies were collected in the governorate of Kairouan, central Tunisia, during the June to November 2011 period. Kairouan is an old ZCL focus where the L. major epidemiological life cycle has been well described [16] . Several localities were studied in this region but this work will focus only on the locality of Sidi Saad which belongs to an arid bioclimatic zone and is situated in between two rocky hills, 3.5 km away from the dam of Sidi Saad (Fig. 1) . CDC light traps were placed overnight, in different biotopes (inside habitations, outdoors and within animal shelters).
Sand fly Identification
Specimens were collected from the CDC traps with a manual capture tube. Males were washed, mounted and directly identified under a microscope. Females which were alive at collection time were immediately dissected in a drop of saline water. The head and genitalia were removed and mounted in a drop of Marc-André for morphological identification based on the keys of Lewis [17] and Léger et al. [15] . Further, the mid-gut of females suspected to be infected with Leishmania promastigotes were examined by light microscopy in a drop of sterile saline (0.9‰). Dead sand flies were stored in liquid nitrogen and taken to the laboratory for later identification and Leishmania infection study by molecular tools. in the number of spines of the styles and of the lateral lobes [19] . In Brazil, different anomalies were observed in Lutzomyia intermedia Lutz & Neiva, 1,912 males with a specimen having supplementary sub-apical spine on each style and others showing either a third spine of the style on a protuberance or a supplementary spine in a style [20] . Still in Brazil, bilateral anomaly of the spines number on the gonostyle was found in Sciopemyia sordellii Shannon & Del Ponte species [21] and Evandromyia evandroi species [22] . Also in Brazil, unilateral and bilateral anomalies in the paramere of Lutzomyia longipalpis Lutz & Neiva, 1,912 males were described [23] . In Morocco, malformations of the genitalia in males of the species P. (P.) papatasi were widespread and largely concerned the number of spines in the lateral lobes and in the styles [24] . In Thailand, males and females of the species Chinius barbazani n. sp. were described and showed an anomaly regarding wing venation in both genders [25] . In females, frequent abnormalities concerned the number of cibarial teeth and anomalies in the shape and rarely in the number of spermathecae that were found to be associated with gynandromorphism. The non-development of one spermathecae was first reported in Sergentomyia minutia [26] and then a new case of gynandromorphism in the species Sergentomyia minuta parroti Adler & Theodor, 1927 was reported in Algeria [27] . In Spain, gynandromorphism was found in a population of Sergentomyia minuta [28] and also in two specimens of the species P. (L.) perniciosus [29] . Only one report of gynandromorphism was observed in Brazil, in a specimen of Lutzomyia longipalpis and a specimen of Psychodopygus davisi Root, 1934 [30] . Also in Brazil, a female of the species Lutzomyia intermedia was found with nine cibarial horizontal teeth [20] . Our work descried for the first time in Tunisia an abnormal number of spermathecae in a P. (L.) longicuspis female species. To our knowledge, no anomalies have yet been described within phlebotomine sand fly populations in Tunisia. Literature review showed that only two cases of supernumerary spermathecae have been previously reported; one specimen of the P. (L.) perniciosus species in Portugal [31] and one specimen of the Psychodopygus carrerai Barretto, 1,946 species in Peru [32] . These authors also reported the absence of one spermathecae in one specimen of the Psychodopygus amazonensis Root, 1,934 species from Peru [32] .
Results
A total
Morphological abnormalities are important to report in order to avoid erroneous sand fly identification and confusion in taxonomic classification which may lead to description of new species thus increasing the number of synonymous species.
The cause of malformations in sand fly genitalia remains unclear. It has been hypothesized that segregation of a recessive character under a selective pressure and injuries received by the insect during the course of its ontogeny may lead to abnormalities [33, 34] . The effect of environmental conditions on the morphological characteristics of living organisms, especially for sand flies which are known for their inability to disperse, is also well documented [35] . Indeed, the action of an insect growth inhibitor (chlorfluazuron) after its addition to the larval diet, was shown to cause morphological abnormalities of adult Lutzomyia longipalpis [36] . In another dipterous insect, Drosophila melanogaster, morphological variability of spermathecae was shown to be affected by temperature variation [37] . Recently, it has been shown that phenotypic variation in the genitalia of male P. (P.) papatasi is associated with environmental disturbances since they are prevalent in wild dumps and areas of application of sewage [24] .
Conclusions
In this work we report for the first time an abnormal number of spermathecae in a female of the species P. (L.) longicuspis in Tunisia. It is important to document morphological anomalies, so as to avoid erroneous sand fly identification. The genetics and the
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Nitzulescu, 1930 (Diptera: Psychodidae), in Tunisia 470 possible importance of these anomalies, mostly those in the genitalia, for the copulation and survival should be evaluated.
